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Objective
To investigate the role of P-selectin and intercellular adhesion
molecule-1 (ICAM-1) in the pathogenesis of lung injury associ-
ated with pancreatitis, and the relation between xanthine oxi-
dase-derived oxidants and expression of these adhesion mol-
ecules.

Summary Background Data
In acute pancreatitis, acute respiratory distress syndrome oc-
curs in the early stages of disease. This process is mediated
by neutrophil infiltration.

Methods
Pancreatitis was induced in rats by intraductal administration
of 5% sodium taurocholate. ICAM-1 and P-selectin expres-
sion was measured using radiolabeled monoclonal antibodies.
Neutrophil infiltration and plasma levels of xanthine oxidase
were also evaluated.

Results
Pancreatitis induces increases in P-selectin expression in
lung, whereas ICAM-1 is unchanged from baseline levels. Im-
munoneutralization of either P-selectin or ICAM-1 prevents
the infiltration of neutrophils into the lung. Xanthine and xan-
thine oxidase activity were increased after induction of pan-
creatitis. Xanthine oxidase inhibition prevents the upregulation
of P-selectin in lung and neutrophil infiltration.

Conclusions
During acute pancreatitis, P-selectin is upregulated in the pul-
monary endothelium and is a key determinant of leukocyte
recruitment. Constitutive ICAM-1 is also involved in the pro-
cess of cell infiltration into the lung. The increased expression
of P-selectin appears to be triggered by a mechanism depen-
dent on free radicals generated by xanthine oxidase released
by the damaged pancreas.

Acute pancreatitis is an autodigestive process resulting in
acute inflammation of the pancreas and systemic inflamma-
tion. In the most severe forms of acute pancreatitis, acute

respiratory distress syndrome often occurs in the early
stages of disease and can lead to early death.1 This acute
lung injury is characterized by increased pulmonary vascu-
lar permeability and noncardiogenic pulmonary edema.
There is evidence indicating that this process is mediated by
neutrophil infiltration.2

The development of the inflammatory response involves
sequential neutrophil–endothelial cell interactions de-
scribed as rolling, activation, firm adhesion, and migration.3

These processes are controlled by complex interactions be-
tween surface receptors on neutrophils and their corre-
sponding endothelial cell ligands, designated as selectins,
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integrins, or supergene immunoglobulins. Appropriate stim-
ulation of leukocytes or endothelial cells results in upregu-
lation of expression of these molecules.3 In particular, it has
been reported4 that in vitro xanthine oxidase-derived oxi-
dants promote neutrophil–endothelial cell interactions
through intercellular adhesion molecule-1 (ICAM-1) and
P-selectin ligation.

A growing body of evidence indicates that pancreatitis
causes a significant oxidant–antioxidant imbalance and sys-
temic oxidative stress.5 We have recently reported that
release of xanthine and xanthine oxidase from the pancreas
into the bloodstream plays an essential role in the patho-
genesis of systemic complications of pancreatitis, including
oxidant stress and neutrophil infiltration into the lung.6

Conversion of xanthine dehydrogenase (XDH) to xanthine
oxidase (XOD) occurs in the acinar cells during pancreatitis
by the action of proteolytic enzymes activated as a conse-
quence of cell disruption.

Accordingly, the three main objectives of this study were
to investigate whether experimental pancreatitis in rats up-
regulates the expression of the endothelial adhesion mole-
cules P-selectin or ICAM-1, and whether this is a unique
feature of the lung or a generalized systemic response; to
characterize the role of P-selectin and ICAM-1 (as mole-
cules involved in the processes of rolling and firm adhesion)
in the pathogenesis of lung injury associated with experi-
mental pancreatitis by means of selective immunoneutral-
ization; and to determine the possible relation between
XOD-derived oxidants and induction of these adhesion mol-
ecules.

METHODS

Animal Model of Pancreatitis

Male Sprague-Dawley (Criffa, Ifa Credo, France) rats
weighing 250 to 300 g were anesthetized with an intraperi-
toneal dose (100 mg/kg) of thiobutabarbital (Inactin, Re-
search Biochemicals International, Natick, MA). The bilio-
pancreatic duct was cannulated through the duodenum and
the hepatic duct was closed by a small bulldog clamp. In
experimental groups (n5 18; 8 for biochemical determina-
tions, 5 for measuring the expression of ICAM-1, and 5 for
measuring the expression of P-selectin), pancreatitis was
induced by retrograde injection into the biliopancreatic duct
of sodium taurocholate (5%; Sigma Chemical, St. Louis,
MO) in a volume of 0.1 ml/100 g using a Harvard 22
infusion pump (Harvard Instruments, Edenbridge, UK).7

Control animals (n5 18; 8 for biochemical determinations,
5 for measuring the expression of ICAM-1, and 5 for
measuring the expression of P-selectin) received an intra-
ductal infusion of saline solution (NaCl 0.9%). We have
previously reported that in this model a significant neutro-
phil infiltration in the lung occurs 3 hours after the induction
of pancreatitis.8 Therefore, this was the time point chosen
for all experiments (variations are specified).

Monoclonal Antibodies

The monoclonal antibodies (mAbs) used for thein vivo
assessment of ICAM-1 and P-selectin expression, and for
immunoneutralization, were 1A29, a mouse IgG1 against
ICAM-1, and RMP-1, a murine IgG2aagainst rat and mouse
P-selectin. P-23, a nonbinding murine IgG1 directed against
human but not rat P-selectin, and UPC-10, a murine IgG2a,
were used as control isotype-matched nonbinding immuno-
globulins for ICAM-1 and P-selectin determination, respec-
tively.9 1A29, RMP-1, and P23 were scaled up and purified
by protein A/G chromatography at Upjohn Laboratories
(Kalamazoo, MI). UPC-10 was purchased from Sigma
Chemical Co. (St. Louis, MI).

Treatment Groups

In one group, circulating XOD was inhibited by an infu-
sion of oxypurinol dissolved in bicarbonate-buffered saline
into the portal vein (10 mM; 0.066 ml/min) during 30
minutes, after pancreatitis induction (n5 18; 8 for biochem-
ical determinations, 5 for measuring the expression of
ICAM-1, and 5 for measuring the expression of P-selectin).
In two other groups, a mAb directed against ICAM-1
(1A29; 2 mg/kg; n5 8) or P-selectin (RMP-1; 60mg/kg;
n 5 8) was intravenously administered immediately before
induction of pancreatitis. The dose of 1A29 has been re-
ported to block leukocyte adhesion in a variety of condi-
tions.10 The dose of RMP-1 has been shown to abrogate
leukocyte rolling in intestinal vessels of colitic rats.11 Three
hours after induction, samples of plasma, pancreas, and lung
were obtained, immediately frozen, and maintained at
280°C until assayed.

Measurement of ICAM-1 and P-Selectin
Expression

Radioiodination of mAbs

Binding mAbs directed against ICAM-1 (1A29) and P-
selectin (RMP-1) were labeled with125I (Du Pont NEN,
Boston, MA), whereas the isotype-matched nonbinding
mAbs (P23, UPC-10) were labeled with131I (Du Pont
NEN). Radioiodination of mAbs was performed by the
iodogen method.12 Labeled mAbs were stored at 4°C and
used within 3 weeks after the labeling procedure. The spe-
cific activity of labeled mAbs was 0.5 mCi/mg.

Experimental Protocols

To determine the expression of ICAM-1 and P-selectin,
the right carotid artery and right jugular vein were cannu-
lated. Rats were randomly distributed in two groups (n5 5):
control rats (biliopancreatic tract saline infusion) and pan-
creatitis rats (taurocholate infusion). P-selectin was also
measured in an additional group of pancreatitic rats receiv-
ing treatment with oxypurinol.

Three hours after induction of pancreatitis, a mixture of 3
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mg 125I-anti-ICAM-1 mAb (1A29), 247mg unlabeled 1A29,
and 5 mg 131I-nonbinding mAb (P23) was administered
through the jugular vein catheter. For P-selectin measure-
ments, 5mg 125I-anti-P-selectin mAb (RMP-1), 10mg un-
labeled RMP-1, and 5mg 131I-nonbinding mAb (UPC-10)
were administered. A blood sample was obtained through
the carotid artery catheter 5 minutes after injection of the
mAbs mixture. The animals were then heparinized (1 mg/kg
sodium heparin given intravenously) and rapidly exsangui-
nated by vascular perfusion of sodium bicarbonate buffer
via the jugular vein with simultaneous blood withdrawal via
the carotid artery, followed by perfusion of sodium bicar-
bonate buffer via the carotid artery after the inferior cava
vein was severed at the thoracic level. Entire organs were
then harvested and weighed.

Calculation
125I (binding mAb) and131I (nonbinding mAb) activities

in different organs and in 100-ml aliquots of cell-free
plasma were counted in a Cobra II gamma counter (Packard,
Meridian, Australia) with automatic correction for back-
ground activity and spillover. The injected activity in each
experiment was calculated by counting a 5-ml sample of the
mixture containing the radiolabeled mAbs. The accumu-
lated activity of each mAb in an organ was expressed as ng
of binding mAb/g of tissue. The formula used to calculate
expression of an adhesion molecule was as follows:

Endothelial expression5 ([cpm125I organ 3 g21 3
cpm125I injected21] 2 [cpm131I organ 3 g21 3 cpm131I
injected21] 3 [cpm125I in plasma/cpm131I in plasma])3 ng
injected binding mAb.

Biochemical Assays

Lipase

Plasma lipase was determined by using reagent kits from
Boehringer-Mannheim (Mannheim, Germany) according to
the supplier’s specifications.

Myeloperoxidase

Tissue myeloperoxidase was measured photometrically,
employing 3,39,5,59- as a substrate.13 Samples were macer-
ated with 0.5% hexadecyl-trimethylammonium bromide in
50 mM phosphate buffer, pH 6.0. Homogenates were then
disrupted for 30 seconds using a Labsonic (B. Braun, Mel-
songen, Germany) sonicator at 20% power and were sub-
sequently snap-frozen in dry ice and thawed on three con-
secutive occasions before a final 30-second sonication.
Samples were incubated at 60°C for 2 hours and then spun
down at 4000g for 12 minutes. Supernatants were collected
for myeloperoxidase assay. Enzyme activity was assessed
photometrically at 630 nm. The assay mixture consisted of
20 ml supernatant, 10 ml tetramethylbenzidine (final con-
centration 1.6 mM) dissolved in DMSO, and 70 ml H2O2

(final concentration 3.0 mM) diluted in 80 mM phosphate

buffer, pH 5.4. An enzyme unit is defined as the amount of
enzyme that produces an increase of 1 absorbance unit per
minute.

XDH and XOD Activity

Activity of XDH and XOD in plasma was assayed ac-
cording to the method described by Stirpe and Della
Corte.14 A total of 500 ml plasma supernatant was passed
through a Sephadex G-25 small column. The eluted frac-
tions were incubated for 30 minutes in the presence of
dithiothreitol (1 mM) to prevent the artifactual conversion
to XOD. Activities were measured spectrophotometrically
on the basis of uric acid formation at 292 nm in the presence
or absence of 0.60 nM NAD1, respectively. Xanthine (60
mM) was used as substrate. The kinetics of the reaction was
recorded for 10 minutes at 20°C.

Xanthine

For the analysis of xanthine concentration, 500ml blood
obtained from the portal vein was placed in 1.0 ml 3.6%
perchloric acid at 0.5°C for 30 minutes. After centrifuga-
tion, the supernatants were neutralized with a potassium
carbonate–potassium hydroxide solution to pH 6.5 to 7.0.
The assay mixture consisted of Na2CO3 (0.05 M, pH 10.2),
EDTA (1024 M); nitroblue tetrazolium (1.53 1024 M), and
XOD (100 U/l). The reduction of nitroblue tetrazolium to
formazan was recorded at 560 nm.

Protein Measurement

Total protein concentration in homogenates was deter-
mined using a commercial kit from BioRad (Munich, Ger-
many).

Statistical Analysis

Data are expressed as mean6 SEM. Means of different
groups were compared using a one-way analysis of vari-
ance. The Mann-Whitney test was performed to evaluate
significant differences between groups. Differences were
assumed to be significant when p, 0.05.

RESULTS

ICAM-1 and P-Selectin Expression

Table 1 summarizes the baseline expression of ICAM-1
and P-selectin in all the organs studied and the effects of
pancreatitis on the expression of these adhesion molecules.
ICAM-1 expression was not altered in any of the organs
studied as a consequence of pancreatitis. Because maximal
upregulation of ICAM-1 in response to other stimuli such as
endotoxin occurs 5 to 9 hours after stimulation, additional
experiments were performed 6 hours (instead of 3) after
induction of pancreatitis; these confirmed that ICAM-1 ex-
pression remained unmodified. In contrast to ICAM-1, P-
selectin expression markedly increased in the pancreas and
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lung after pancreatitis induction, whereas it remained un-
changed in the other splanchnic and systemic organs stud-
ied.

Effects of Immunoneutralization of
ICAM-1 or P-Selectin on Pancreatitis-
Induced Lung Damage

The level of neutrophil infiltration in the pancreas and
lung is shown in Figure 1. As expected, pancreatitis induced
a significant infiltration of neutrophils into the pancreas and
lung, measured as myeloperoxidase activity. In the lung, the
increase in myeloperoxidase activity was abrogated by
treatment with mAbs against either ICAM-1 or P-selectin.
In the pancreas, P-selectin blockage prevented the increase
in MPO activity, but anti-ICAM-1 treatment had no effect
on neutrophil infiltration.

XOD and XDH in Plasma

Total XDH 1 XOD activity in plasma significantly in-
creased after induction of pancreatitis (Fig. 2). In addition,
increased conversion of XDH to XOD occurred as a con-
sequence of pancreatitis. In control animals, XOD repre-
sented only 15% of the total enzymatic activity. Ater induc-
tion of pancreatitis, this proportion increased to 43%.
Administration of oxypurinol inhibited the total activity of
XDH 1 XOD without modifying the conversion of XDH to
XOD.

Plasma Xanthine Levels

Figure 3 shows the amount of xanthine in plasma at 3
hours after induction of pancreatitis. There were no signif-

icant differences between the control and pancreatitis
groups. However, inhibition of XDH and XOD with oxy-
purinol resulted in significant increases in xanthine levels,
probably because of the lack of metabolism of xanthine to
uric acid.

Effect of XOD Inhibition on P-Selectin
Expression and Neutrophil Recruitment

Oxypurinol treatment completely prevented the increase
in P-selectin expression in the lung associated with acute
pancreatitis (Fig. 4). This treatment had no effect on the
expression of P-selectin in the pancreas. In addition, admin-
istration of oxypurinol did not modify the degree of cell
infiltration in the pancreas, but it abolished the increase in
myeloperoxidase activity in the lung, indicating the absence
of neutrophil infiltration (see Fig. 1).

Severity of Pancreatitic Damage

Figure 5 shows the levels of plasma lipase 3 hours after
induction. Pancreatitis was associated with a significant
increase in lipase levels, reflecting the degree of pancreatic
damage in this experimental model. Administration of oxy-
purinol or mAb against ICAM-1 or P-selectin did not mod-
ify the severity of pancreatic damage.

DISCUSSION

Acute respiratory distress syndrome is a common early
complication of acute pancreatitis that leads to significant
complications or death in approximately one third of pa-
tients with severe forms. Various experimental approaches
have provided evidence that this is a neutrophil-mediated

Table 1. LEVELS OF P-SELECTIN AND ICAM-1 EXPRESSION

P-Selectin (ng mAb/g) ICAM-1 (ng mAb/g)

Control Pancreatitis Control Pancreatitis

Lung 20.19 6 1.62 49.00 6 8.53* 12401 6 650 11671 6 404
Heart 1.57 6 1.03 1.33 6 1.04 383 6 24 380 6 40
Liver 14.01 6 3.17 26.07 6 7.35 7877 6 1094 6246 6 1639
Spleen 46.92 6 5.16 51.99 6 0.45 8703 6 1154 6242 6 1707
Pancreas 5.78 6 0.73 12.34 6 0.50* 212 6 13 221 6 39
Mesentery 6.24 6 1.36 6.48 6 1.70 198 6 44 144 6 9
Stomach 0.98 6 0.26 1.79 6 0.50 190 6 15 161 6 19
Jejunum 5.02 6 1.16 6.07 6 0.90 376 6 50 260 6 20
Ileum 4.90 6 1.03 6.50 6 1.96 336 6 30 292 6 20
Cecum 6.47 6 0.24 6.79 6 0.81 355 6 40 290 6 39
Colon 3.37 6 0.40 4.45 6 1.38 256 6 18 214 6 24
Kidney 0.63 6 3.30 0.21 6 1.52 2037 6 183 1822 6 260
Muscle 4.28 6 0.85 5.29 6 1.31 69 6 8 56 6 6
Thymus 1.64 6 0.37 2.02 6 0.96 140 6 14 129 6 25

Values are expressed as mean 6 SEM (n 5 5).
* p , 0.05 vs. control.
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event, but the mechanisms responsible for neutrophil accu-
mulation remain unknown.2,15,16 Neutrophil recruitment
and extravasation at sites of inflammation depend in part on
the expression of P-selectin and ICAM-1 on the endothe-
lium. Immunoneutralization of these adhesion molecules
has been shown to afford protection in a variety of experi-
mental inflammatory conditions.17

In the present study, acute pancreatitis was induced by
intraductal administration of 5% sodium taurocholate. In
this model, the inflammatory process in the lung can be
observed 3 hours after induction.8 This fact was evidenced

Figure 1. Myeloperoxidase activity in the lung (A) and pancreas (B),
expressed as U/mg prot. *, p , 0.05 vs. control; 1, p , 0.05 vs.
pancreatitis (n 5 8).

Figure 2. Xanthine oxidase (XOD) and dehydrogenase (XDH) activities
in plasma. *, p . 0.05 vs. control; 1, p , 0.05 vs. pancreatitis (n 5 8).

Figure 3. Xanthine levels in plasma expressed as mmol/l. 1, p , 0.05
vs. pancreatitis (n 5 8).

Figure 4. P-selectin expression in the lung (A) and pancreas (B) 3 hours
after induction of pancreatitis. Results are expressed as mg mAb/g tissue.
*, p , 0.05 vs. control; 1, p , 0.05 vs. pancreatitis (n 5 5).
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by the increase in myeloperoxidase activity in the lung and
pancreas, reflecting the existence of neutrophil accumula-
tion (see Fig. 1).

When measuring P-selectin and ICAM-1 expression after
induction of pancreatitis, we found that P-selectin levels
significantly increased in the pancreas and in the lung,
whereas P-selectin remained at baseline levels in all other
organs evaluated (see Table 1). This result is consistent with
the fact that the lung and pancreas are the early targets for
the inflammatory process associated with acute pancreati-
tis.1 In contrast, ICAM-1 expression did not change with the
induction of pancreatitis in any of the organs evaluated.
However, baseline expression of ICAM-1 is already high,
particularly in the lung.10 In the current study, these values
turned out to be 17-fold higher than those obtained for
P-selectin after induction of pancreatitis.

To evaluate the role of P-selectin and ICAM-1 in the
neutrophil recruitment in this model of inflammation in the
pancreas and lung, we administered mAbs at blocking doses
simultaneously with the induction of pancreatitis. Under
these conditions, the observed increase in myeloperoxidase
activity in the lung was abrogated by anti-ICAM-1 mAb
(see Fig. 1). This result could not be attributed to changes in
the severity of pancreatitis, because mAb treatment did not
modify the plasma levels of lipase activity (see Fig. 5),
indicating a similar intensity of acinar cell damage. These
data indicate that the constitutive, relatively high, level of
expression of ICAM-1 contributes to neutrophil recruitment
into the lung, even in the absence of molecular upregulation.
This result is in accordance with a recent report of reduced
lung damage associated with acute pancreatitis in ICAM-
1–deficient mice.18 In contrast, ICAM-1 blockade had no
effect in neutrophil infiltration into the pancreas.

An additional endothelial ligand for pancreatitis-induced
neutrophil adherence appears to be P-selectin. This mole-
cule is expressed on the surface of endothelial cells and

plays an essential role in the initial tethering of leukocytes
to the endothelium, known as rolling.19 P-selectin is also
expressed on platelets, but because in our experimental
design the animals were exsanguinated, the interference of
this expression may be minimal. In recent years, studies
have shown the involvement of P-selectin in the pathogen-
esis of a variety of pathologic conditions.20,21In the present
work, we also found that P-selectin expression, both in the
lung and the pancreas, markedly increased after induction of
pancreatic damage (see Table 1), and immunoneutralization
of this adhesion molecule resulted in prevention of the
increase in myeloperoxidase activity in the lung and pan-
creas (see Fig. 1). It appears that induction of P-selectin
expression is one of the events that trigger neutrophil infil-
tration into the lung during acute pancreatitis. This provides
a possible therapeutic target for the treatment of systemic
disorders associated with severe forms of pancreatitis. P-
selectin blockade by means of mAbs or soluble oligosac-
charides containing sialyl Lewisx could be effective in pre-
venting neutrophil infiltration into the lung in patients with
acute pancreatitis. Our results also indicate that immuno-
neutralization of ICAM-1 may be of therapeutic value to
prevent lung dysfunction resulting from acute pancreatitis.
However, because ICAM-1 has been proposed to mediate
normal leukocyte recirculation, the latter strategy might
alter physiologic processes that would otherwise be pre-
served by selective blockade of P-selectin.

According to these results, mediators released by the
pancreas into the blood during pancreatitis induce the ex-
pression of P-selectin in lung endothelial cells. It has been
reported that reactive oxygen species generated by XOD
could act as inducers for the expression of P-selectinin
vitro.4 Although P-selectin expression in response to stimuli
such as thrombin or histamine is usually transient (minutes),
activation of endothelial cells by free radicals results in the
prolonged (hours) surface expression of P-selectin.22 Con-
sequently, it may be hypothesized that XOD-derived oxi-
dants may act as mediators of lung inflammation associated
with pancreatitis by triggering the expression of P-selectin.
We have recently shown that xanthine and XOD are re-
leased into the bloodstream as a consequence of pancreati-
tis, and XOD-derived oxidants act as mediators of the
inflammatory response in the lung.6 Acinar cell disruption
during pancreatitis induces the activation of proteolytic
enzymes and the conversion of XDH to its oxidase form.
This fact was evidenced by increased plasma levels of both
the dehydrogenase and oxidase forms, but the proportion of
oxidase was greatly increased in pancreatitis with respect to
controls (see Fig. 2). In addition, xanthine released by the
damaged pancreas (see Fig. 3) can act as a substrate for the
enzyme, generating in turn superoxide radical. The fact that
this reaction effectively occurs is evidenced by the increase
in xanthine levels detected under XOD inhibition.

Oxypurinol treatment prevented the increases in myelo-
peroxidase activity in the lung without modifying the levels
in the pancreas (see Fig. 1). When measuring the expression

Figure 5. Lipase levels in plasma of all experimental groups. Values are
expressed as U/l. *, p , 0.05 vs. control (n 5 8).
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of P-selectin under XOD inhibition, we found that the
increase observed in the lung after induction of pancreatitis
was completely abrogated by oxypurinol administration
(see Fig. 4). As it occurs with myeloperoxidase activity,
XOD inhibition had no effect on the levels of P-selectin
expressed in the pancreas. Collectively, these observations
indicate that free radicals released by XOD act as mediators
inducing the expression of P-selectin in lung endothelial
cells.

The role of oxygen free radicals has been extensively
investigated in different models of pancreatitis.23,24There is
evidence indicating that XOD is the main source of these
mediators in pancreatic tissue.25 However, neutrophils are
recognized as effectors of lung injury when activated to
generate superoxide radical by the action of the enzyme
NADPH oxidase.15 Our results indicate that circulating xan-
thine and XOD released by the pancreas during the course
of pancreatitis link both systems of cell damage. Of course,
other mediators could participate in this process. Increased
levels of circulating tumor necrosis factor-a, interleukin-1,
phospholipase A2, and activated complement have been
reported in pancreatitis. These proinflammatory agents
could also play a role in the process of P-selectin induction,
but the superoxide radical generated by XOD seems to be a
key mediator in this mechanism. Nevertheless, caution is
needed when extrapolating these results to other animal
species. Considerable interspecies differences regarding the
roles of xanthine and XOD as well as the antioxidant
capacity have been reported. The reason why these changes
are restricted to the lung without modifying the expression
of P-selectin in other organs remains to be elucidated.

In conclusion, this work indicates that during experimen-
tal acute pancreatitis induced by sodium taurocholate, P-
selectin is upregulated in the pulmonary endothelium, pro-
moting the recruitment of neutrophils into the lung.
Constitutively expressed ICAM-1 is also involved in the
process of cell infiltration into the lung. The increased
expression of P-selectin appears to be triggered in this
model of pancreatitis by a mechanism dependent on free
radicals generated by circulating xanthine and XOD re-
leased into the bloodstream by the damaged pancreas.
Therefore, both adhesion molecules and XOD are potential
therapeutic targets for the prevention of lung dysfunction in
acute severe pancreatitis.
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Discussion

PROF. O. TERPSTRA (Leiden, The Netherlands): I enjoyed your
presentation and the beautiful slides. I would like to congratulate
you and your group on this important contribution in elucidating
the pathogenesis of the ARDS in acute pancreatitis. I think it is

798 Folch and Others Ann. Surg. ● December 1999



important because ARDS causes a lot of morbidity and mortality
in this group of patients. However, I wonder how you explain the
phenomenon that inhibition of P-selectin prevents the infiltration
of neutrophils in the lung and the pancreas, while immunoneutral-
ization of the ICAM-1 occurs only in the lung, but not in the
pancreas. You demonstrated that inhibition of that adhesion mol-
ecule does have an effect on the lipase concentration. What is your
explanation for that?

The third question is: How can we extrapolate these findings to
the human situation? Should we treat our patients with acute
pancreatitis with radical scavengers or with a monoclonal antibody
in this stage?

DR. D. CLOSA (Barcelona, Spain): In fact, lack of effect of
ICAM-1 treatment in the pancreas was not highly surprising, since
we have found very low levels of ICAM-1 expression in the
pancreas. We conclude that we found an effect of treatment with
monoclonal antibodies only in the organs that constitutively ex-
pressed ICAM-1, such as lung, or where the molecule has been
upregulated, such as P-selectin in pancreas and lung. ICAM-1 is
present in very low levels in pancreas and is not upregulated
during acute pancreatitis; thus, the lack of effect of anti-ICAM-1
treatment in the pancreas is not really surprising.

With respect to the case of humans, the involvement of xanthine
oxidase has been largely discussed, but it appears that the inhibi-
tion of xanthine oxidase only shows protection in experimental
models when inhibitors are administered prior to the induction of
pancreatitis. Probably, administration of antioxidants after the in-
duction of pancreatitis works too late to prevent the expression of
P-selectin. In this sense, the use of monoclonal antibodies or
antisense oligonucleotides to block P-selectin could be more useful

for the treatment of the systemic disorders in the case of pancre-
atitis.

PROF. H. BEGER (Ulm, Germany): Two recent papers confirmed
your hypothesis that adhesion molecules are important in the
generation of multisystem organ failure in experimental acute
pancreatitis because the application of anti-ICAM produced a
reduction in pulmonary insufficiency and the degree of local
inflammation. I have a question in terms of your results. You have
shown that ICAM was not very much expressed in the local area
of acute pancreatitis, in contrast to the pulmonary tissue and in
contrast to the liver. How do you explain this? These papers using
anti-ICAM as treatment in experimental pancreatitis have shown
convincingly that the local inflammation process was reduced by
application of an antiadhesion molecule treatment.

DR. CLOSA (Closing Discussion): The problem with ICAM-1 is
that it shows great differences as a function of the animal model of
pancreatitis. The high levels of ICAM-1 found in control animals
are surprising, since recent work using a mouse model of pancre-
atitis reported low basal levels of ICAM-1 in lung and an increase
in the expression of this molecule after the induction of pancre-
atitis. Probably rats do not need to increase the expression of
ICAM-1, since in basal conditions this molecule is present in
sufficient levels. In the case of the pancreas, the problem could be
the model of pancreatitis. Taurocholate-induced pancreatitis is a
good model to study the systemic effect of the disease, but it is
probably too severe, and we suspect that the results shown in
pancreas cannot be physiologically interpreted, since the local
destruction due to the taurocholate could affect the expression of
ICAM-1.
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